We have measured ' C and Na NMR spin-lattice relaxation times as a function of temperature in KCN and NaCN'in order to study the head-to-tail reorientations of the CN molecules in the two low-temperature ordered phases. We have combined our data with those of dielectric-response and ionic-thermal-conductivity measurements and have determined the correlation time~, of the reorientations over more than five decades. We found~, to be continuous through the electricordering phase transition with the same activation energy in both phases. In the elastically ordered phase of KCN, we detected small-angle CN reorientations about directions nearly parallel to the orthorhombic b axis, leading to a small disorder in the CN orientation along that axis. We found the rms average of the angle between the C -N and b axes to be 3. 9'. Our experiments resulted in the first direct observations of NMR relaxation arising from chemical-shift anisotropy in a solid.
I. INTRODUCTION
Potassium cyanide (KCN) and sodium cyanide (NaCN) both exhibit an elastically ordered phase (below 168 K in KCN and 288 K in NaCN) in which the CN molecules are aligned parallel to the b axis in an orthorhombic crystal structure' (Fig. 1) . In this phase, the CN molecules are disordered with respect to head-and-tail alignment and undergo random head-to-tail reorientations.
At a lower temperature, both KCN and NaCN undergo a secondorder phase transition (at 83 K in KCN and 172 K in NaCN) in which the CN molecules are ordered with respect to head and tail in an antiparallel fashion. This is an electrically ordered phase.
The structure and dynamics of these two phases have been of considerable interest in recent years. The reorientational motions of the CN molecules have been studied by dielectric response, ' ionic thermal conductivity ' (ITC), EPR, and NMR. ' We"' have studied these motions by NMR of ' C in KCN and NaCN and by NMR of Na in NaCN. Combining our results with dielectric-response ' and ITC measurements, ' the correlation time of the reorientations has been obtained over a wide range of temperature, extending into both phases. We find that the correlation time is continuous through the electric-ordering phase transition and follows an Arrhenius relationship with the same activation energy on both sides of the phase transition. The time evolution of this nuclear magnetization towards its thermal-equilibrium value is often exponential with a time constant T&, the spin-lattice relaxation time. Here, we develop some expressions for Ti due to mechanisms present in KCN and NaCN. Reorientational motions of the CN molecules cause fluctuations in various nuclearspin interactions. These fluctuations in turn cause spinlattice relaxation. The interactions considered here are (1) the nuclear spin-spin dipolar interaction, (2) the chemical shift, and (3) the nuclear-quadrupolar interaction. In the cases discussed here, we consider only polycrystalline samples, thus allowing us to simplify our expressions for T& by averaging over 0, the direction of Ho with respect to the crystalline axes.
A. 
The spectral density function is given by J' '(c0) =f , drcos(cctr)QGg '(r), k where Gg'(r) is a correlation function,
The symbol ( )to denotes an average over time t and solid angle Q. (F-g (t) ), .
where
1. C-Na dipolar interaction
The major source of fluctuations in the ' C-Na dipolar interaction is the head-to-tail reorientations of the CN molecules. Each ' C nucleus can occupy one of two positions, and the time averages in Eq. (13) can be calculated using statistical averages over these two positions.
Assuming the occupation of each position to be equally probable, we obtain ([Fg'(t)] ), n ---, ' (rl jk+r2 jk) (14) ( [(Fjk (t) )t] )Q Tl[r 1 jk+ "2 jk+ r l,jkr2 jkp2("1 jk r2 jk)1 (15) where rl jk and r2 jk are the vectors from the ' C nucleus to the Na nucleus for the two positions of the ' C nucleus, respectively. Setting these expressions into Eq. (13) With an expression for r, we can now fit our data with I/Tl I/Tl;C -N+ 1/Tl, CS+ I/Tl, oth (45) where T& c N and T& cs are given by Eqs. (23) and (37), respectively.
[Here we used Eq. (23) Our NMR data (o). Dielectric response data (4) and ITC data (4) from Ref. 7. which is a straight line on a graph such as Fig. 2 . We allow the coefficient A to take on different values for the three frequencies cot.
In the expressions for T~c N and T~c s we allow only two adjustable parameters: Gz (0) and b,cr. The resulting best fit is shown by the solid lines in Fig. 2 In our analysis of the ' C relaxation in KCN, we have neglected the ' C-' C dipolar interaction. To demonstrate the validity of this approximation, we measured T& in a sample containing only 10 at. % ' C and found no significant difference in Ti from the data in Fig. 2 . Since ' C -'3C distances are very different in the two samples, our data shows that the ' C-' C dipolar interaction does not make any significant contribution to our relaxation data. B. NaCN
We measured T, for ' C in NaCN as a function of temperature at two different fields (Fig. 4) We also measured the T, of Na in NaCN as a function of temperature (Fig. 6) From this model, we see that the small-angle reorientations observed in our data are indirectly caused by headto tai/ reori-entations.
The frequency of the small-angle reorientations is much greater than that of the head-to-tail reorientations since a given CN undergoes a small-angle reorientation whenever any one of the neighboring CN 's reorients head-to-tail. Nevertheless, the correlation time of the small-angle reorientations is not equal to the mean time between such reorientations since each reorientation is very small and arises from the head-to-tail reorientations of any one of a number of neighboring CN 's. In fact, since the head-to-tail reorientations drive the smallangle reorientations, their correlation times must be equal.
Thus the values of r, which we obtained from our data are identical to those for head-to-tail reorientations.
If these small-angle reorientations and resulting disorder are present in KCN, we would expect them to be present in NaCN as well. However, these effects are masked in NaCN largely by the strong ' C-Na dipolar interactions which produce ' C relaxation via head-to-tail CN reorientations directly and which are rather insensitive to the small-angle reorientations, if present. However, our ' C relaxation data in NaCN does allow these small-angle reorientations to be present. In fact, we get a slightly better fit of our calculated relaxation to the data if we assume the presence in NaCN of small 
